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(57) ABSTRACT

Provided is a control apparatus which may apply an electric
signal to a specific point or area selected from a plane or may
receive the signal from the specific point or area. The control
apparatus includes an upper electrode and a lower electrode.
When it is intended that an electric field is applied to a point
in which the upper electrode and the lower electrode come
in contact with each other, an electrical bias is applied to the
lower electrode, and the upper electrode is maintained in a
non-connected state. When it is intended that the bias is
selectively applied, the upper electrode is maintained in a
grounded state. Therefore, transterring of the field from the
lower electrode to a ground electrode disposed at a bottom
is shielded, and thus transferring of the electric signal is also
blocked.

11 Claims, 5 Drawing Sheets

o

Tib~-F1

By~ 30

Ground




U.S. Patent

Oct. 18, 2016

Sheet 1 of 5

FIG. 1

10

Bias -
MEN

Floating ;4 "
I

/

o1 22

US 9,471,174 B2

Ground oyt e
) |
23

SERRN AT oy 3 J S
1Yy Ty
AN —1] e N NN - 30
Groungd G ound Ground
10 10
, Vi . /
Bias Ground Bias /7
SRR P SN RN -
Ground ;71 L S 7,
Q < ) 25 5 26
i i // s

\

} 4 '
23 F 2 F12 F13
< e~-F10 T ~-F20
28 28
&\\ N = \\ D \ \*,.\\,30 & N N .}i,«\_ 30
Ground Ground



U.S. Patent Oct. 18, 2016 Sheet 2 of 5 US 9,471,174 B2

FIG. 3
A1 B

XY
X | %l |
XN E1
X2~ o 1T

N A2 B2
X1 Y

Y1 Y2 Y3 Y4 Y5

FIG. 4

A10 B11 B12 B13 B14

) ) ) )
LS

Y1 Y2 Y3 Y4 Y5



US 9,471,174 B2

Sheet 3 of 5

Oct. 18, 2016

U.S. Patent

00t

14

€

¢

|

au||-ul



U.S. Patent Oct. 18, 2016 Sheet 4 of 5 US 9,471,174 B2

FIG. 9B

100—\

Potential (V)

Depth (um)



U.S. Patent Oct. 18, 2016 Sheet 5 of 5 US 9,471,174 B2

FIG. 6

110 100

/

First NN
Driver Cell Array

¢
*
F

Fan W\
7 W

Vs Wian Y
-

Second
Driver




US 9,471,174 B2

1
CONTROL APPARATUS AND METHOD OF
ADDRESSING TWO-DIMENSIONAL SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims pri-
ority under 35 U.S.C. §119 to Korean Patent Application
Nos. 10-2013-0076622, filed on Jul. 1, 2013, and 10-2014-
0008466, filed on Jan. 23, 2014, the entire contents of which
are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The present invention disclosed herein relates to a control
apparatus, and more particularly, to a control apparatus and
method of two-dimensionally addressing a signal, in which
an electric signal is applied to a specific point or area
selected on a two-dimensional plane to receive a signal from
the specific point or area.

In a device having a predetermined type two-dimensional
cell arrangement, such as LCD flat panel displays, memory
chips and touch panels, it is necessary to two-dimensionally
address an electric signal in order to separately control each
cell. The easiest method of separately controlling a two-
dimensional cell array is to electrically wire all of the cells.
However, as the number of cells to be controlled is
increased, a two-dimensional arrangement of the wirings
becomes complicated, and a driving circuit thereof also
becomes complicated, and finally the arrangement becomes
impossible.

In a technique which is the most widely applied currently
to solve the problem, a switching element such as a tran-
sistor is connected to each cell so as to turn on a switch
corresponding to the cell to be driven and thus to apply an
electric signal to the corresponding cell or allow the corre-
sponding cell to output the electric signal. In case of a
DRAM, the wirings are divided into a word line and a bit
line. The word line is connected to a gate portion of a
transistor connected with a capacitor having information so
as to determine on/off of the switch.

In case of an ON state, information of the bit line is
transferred to each selected capacitor, or information of the
capacitor is read to an outside through the bit line.

The LCD flat panel display also has similar operation
principles.

When the electric signal is two-dimensionally addressed
using the switching element, a main issue is that such device
may be configured only with a material with which the
switching element may be manufactured. Most of the switch
elements are semiconductor-based elements such as the
transistors, and thus have to be manufactured on a semicon-
ductor substrate or a semiconductor thin film.

In the majority of cases, to manufacture the switching
element having good switching properties, a semiconductor
process at high temperature is required. Therefore, it is
difficult to manufacture the switching device on a substrate
formed of plastic, glass or the like which may not endure the
high temperature, and thus it is also difficult to embody the
two-dimensional addressing of the electric signal using the
switching element.

The touch panel is another device which requires the
two-dimensional addressing. The touch panel which may
detect a touched position on a flat panel surface is configured
in various manners.

In the touch panel, the device is configured to recognize
a position on a two-dimensional plane through various
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signal changes when an object is in contact with the specific
position on a surface of the touch panel. One of the most
widely used methods is a resistive touch panel. In the
resistive touch panel, a transversal electrode arrangement
and a longitudinal electrode arrangement are disposed up
and down. An embossing space is arranged between the up
and down electrode arrangements. When a predetermined
pressure is applied by the object, the upper electrode and the
lower electrode are in contact with each other, and thus a
change in a current flow occurs, and the position on plane
coordinates may be recognized by a resulting value thereof.

The method is characterized by being configured only
with the upper and lower electrode arrangements without
using of the switching element in order to recognize the
position on the two-dimensional plane coordinates. How-
ever, this method is not a field control method, but a method
of obtaining information through the change in the current
flow. And this method is characterized in that only infor-
mation on the position of a contacted area may be recog-
nized, but a signal may not be applied to the specific point
or area.

As described above, the typical technique has a disad-
vantage in that an electric circuit should be configured by
grafting the switching element, which is complicated and
restricted in the substrate material, in order to apply the
electric signal to the specific point on the two-dimensional
plane coordinates or receive the signal therefrom.

At present, it may be very difficult to configure a structure
capable of controlling the electric signal on the two-dimen-
sional plane coordinates only by arranging the simple elec-
trode arrangements such as the electrode arrangement struc-
ture of the resistive touch panel.

SUMMARY OF THE INVENTION

The present invention provides a control apparatus and
method of two-dimensionally addressing a signal, which
may control each cell in an array with a configuration of a
simple transversal electrode arrangement and longitudinal
electrode arrangement without a complicated switching ele-
ment.

The present invention also provides a control apparatus
and method of two-dimensionally addressing a signal, which
may separately control each cell in a device having a
two-dimensional cell array using a field shielding effect.

Embodiments of the present invention provide control
apparatuses for two-dimensionally addressing a signal
including a bottom electrode disposed under a control target
to be spaced apart, a first electrode part disposed above the
control target and arranged in a first direction to define a
plurality of device cells in an array shape, and a second
electrode part configured to define the plurality device cells
together with the first electrode part at a plurality of cross-
over points and arranged in a second direction perpendicular
to the first direction to selectively generate a field shielding
effect at the plurality of crossover points according to a
biasing condition.

In other embodiments of the present invention, control
apparatuses for two-dimensionally addressing a signal
including a bottom electrode disposed under a piezo material
or an liquid crystal device to be spaced apart, a lower
electrode part disposed above the piezo material or the liquid
crystal device and arranged in a first direction to define a
plurality of device cells in an array shape, and an upper
electrode part configured to define the plurality device cells
together with the lower electrode part at a plurality of
crossover points and arranged in a second direction perpen-
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dicular to the first direction to selectively generate a field
shielding effect at the plurality of crossover points according
to a biasing condition.

In still other embodiments of the present invention, con-
trol methods of two-dimensionally addressing a signal
including disposing a bottom electrode under a control target
to be spaced apart, preparing a lower electrode and an upper
electrode above the control target, and maintaining the upper
electrode in a floating state and applying an electrical bias to
the lower electrode when it is intended that an electric field
is generated at a point in which the upper electrode and the
lower electrode come in contact with each other.

In even other embodiments of the present invention,
control methods of two-dimensionally addressing a signal
including disposing a bottom electrode under a control target
to be spaced apart, installing a lower electrode and an upper
electrode above the control target in an array shape, and
when it is intended that transferring of the field to a device
cell provided at the point in which the upper electrode and
the lower electrode come in contact with each other is
shielded, a ground voltage is applied to the upper electrode
in a state in which the electric bias is applied to the lower
electrode, and thus the transferring of the field from the
lower electrode to the bottom electrode is shielded.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the present invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate exemplary embodiments of the pres-
ent invention and, together with the description, serve to
explain principles of the present invention. In the drawings:

FIG. 1 is a view exemplarily illustrating a basic principle
of an electric field shielding for two-dimensionally address-
ing an electric signal in accordance with the present inven-
tion;

FIG. 2 is a view exemplarily illustrating field distribution
when a control electrode is disposed not to be overlapped
with a bias electrode in an up and down direction in
accordance with the present invention;

FIG. 3 is a view exemplarily illustrating an electrode
arrangement for controlling an electric field two-dimension-
ally arranged at a specific point and an electrode cross-
section of the point in accordance with the present invention;

FIG. 4 is a view exemplarily illustrating an electrode
arrangement for controlling an electric field two-dimension-
ally arranged at a specific area and an electrode cross-section
of the area in accordance with the present invention;

FIGS. 5A and 5B are views exemplarily illustrating a
result of a field simulation showing field dependence accord-
ing to a depth of a control electrode in accordance with the
present invention; and

FIG. 6 is a block diagram illustrating a control apparatus
in accordance with the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will be
described below in more detail with reference to the accom-
panying drawings. The present invention may, however, be
embodied in different forms and should not be constructed
as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of
the present invention to those skilled in the art.
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A control apparatus for two-dimensionally addressing an
electric signal according to the present invention basically
includes upper electrodes 23 and 24 (referring to FIG. 2) and
a lower electrode 10 (referring to FIG. 2), and a point in
which the upper electrode and the lower electrode come in
contact with each other is a point in which the electric signal
has to be controlled. When it is intended to apply an electric
field to the point, an electrical bias is applied to the lower
electrode 10 (referring to FIG. 2), and the upper electrodes
are maintained in a non-contacted (e.g., floating) state, such
that the field is transferred from the bias of the lower
electrode 10 to a bottom electrode 30 disposed at a bottom.

When it is intended that the electrical bias is not applied,
the bias is not applied to the electrode. If it is necessary to
select a state in which the bias is applied or not applied, the
upper electrode 25 (referring to FIG. 2) is used for a ground
in a state in which the bias is applied to the lower electrode
10, and thus the field is blocked (shielded) from being
transferred from the lower electrode 10 to the bottom
electrode 30 disposed at the bottom. Therefore, the trans-
ferring of the electric signal at the point is blocked.

A control target 28 such as a piezo element or a liquid
crystal device is disposed above the bottom electrode 30
used for the ground.

Therefore, when the field is blocked (shielded) from being
transferred from the lower electrode 10 to the bottom
electrode 30, the piezo element is not affected by the field,
and thus driving is disabled. Meanwhile, when the field is
transferred from the lower electrode 10 to the bottom
electrode 30, the piezo element is affected by the field and
thus the driving is enabled. Therefore, the control apparatus
for two-dimensionally addressing the electric signal accord-
ing to the present invention is simply configured with a
transversal electrode arrangement and a longitudinal elec-
trode arrangement without a complicated switching element,
and is a new type control apparatus for two-dimensionally
addressing the electric signal, which may separately control
each cell in a device having a two-dimensional cell array
using the field shielding effect. FIG. 1 is a view exemplarily
illustrating a basic principle of the electric field shielding for
two-dimensionally addressing the electric signal in accor-
dance with the present invention.

Referring to FIG. 1, as illustrated in the far-left of the
drawing, in the case that a voltage is applied between the two
electrodes 10 and 30, if the same medium is uniformly
distributed between the two electrodes 10 and 30, the
potential appears from the bias toward the ground as des-
ignated by a reference numeral F1.

Referring to the middle drawing, as illustrated in the
drawing, control electrodes 21 and 22 as the upper elec-
trodes are arranged under the lower electrode 10 to which
the bias is applied. Like this, even though the control
electrodes 21 and 22 are arranged, if the electrodes 21 and
22 are in the floating state, the field F2 is transferred from
the bias electrode 10 to the ground electrode 30 disposed at
the bottom. Finally, in the floating state, it is impossible to
prevent the transferring of the field.

However, as illustrated in the far-right of the drawing, in
the case that the control electrodes 23 and 24 as the upper
electrodes are in the grounded state, field distribution is
changed a lot, compared with the middle drawing. The field
from the bias electrode 10 as the lower electrode is not
transferred to the ground electrode 30 disposed at the
bottom, but may be absorbed to the control electrodes 23 and
24 as the upper electrodes.

Therefore, it may be considered to design the control
electrodes 23 and 24 in order to shield the entire field
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transferred to the ground electrode 30 disposed at the
bottom. In this case, the transferring of the field to the
bottom electrode 30 may be On/Off by controlling the
control electrodes 23 and 24. The present invention is to
two-dimensionally control the electric signal using this
property.

FIG. 2 is a view exemplarily illustrating field distribution
when the control electrode is disposed not to be overlapped
with the bias electrode in an up and down direction in
accordance with the present invention.

Referring to FIG. 2, as a distance between the control
electrodes 23 and 24 named as the upper electrodes in FIG.
3 becomes smaller, it is easier to completely shield the field.
However, in the case that is it necessary to control a wider
area, it is difficult to unlimitedly reduce the distance between
the control electrodes. Further, in the case that the control
electrodes are substantially defined by a semiconductor
process or the like, it is difficult to define the control
electrodes to be overlapped under the bias electrode 10, and
thus as illustrated in the right side of the FIG. 2, the control
electrodes may be designed not to be overlapped. Assuming
that there is a difficult constraint condition, a control variable
is a depth of each control electrode 25, 26. As illustrated in
the left side of FIG. 2, as the control electrodes 25 and 26 are
disposed at a relatively lower side of the bias electrode 10,
it is easier to shield the field.

FIG. 3 is a view exemplarily illustrating an electrode
arrangement for controlling the electric field two-dimen-
sionally arranged at the specific point and an electrode
cross-section of the point in accordance with the present
invention.

Referring to FIG. 3, in the case that there is an array type
electrode arrangement in X-axial and Y-axial directions, a
crossover point as designated by E1 is surely generated. In
order for the two upper and lower electrodes to be not
disconnected with each other, the electrodes have to be
defined as illustrated in the right side of the drawing. Here,
an electrode A1 which is crossed upward over is the control
electrode, and a lower electrode Bl is the bias electrode.
Therefore, the control electrode is the upper electrode, and
the bias electrode is the lower electrode. Finally, three
surfaces of the lower electrode B1 are enclosed by the upper
electrode Al. An upper cross-section of FIG. 3 shows that
the vertically lowest portion of the lower electrode is located
on the same horizontal position as that of the upper elec-
trode.

If necessary, the control electrode may be disposed to be
deeper than the bias electrode B1 by a depth d1. A lower
cross-section of FIG. 3 shows that the vertically lowest
portion of the lower electrode is located at a higher position
than that of the upper electrode.

In FIG. 3, the upper electrode is defined by X1 to X5, and
the lower electrode is defined by the Y1 to Y5.

When it is intended that the field is generated at only a
point E1 of FIG. 3, a voltage is applied to only a bias line
Y4 of the corresponding point, and the rest bias lines Y1, Y2,
Y3 and Y5 are grounded. Further, a line X2 of the corre-
sponding point E1 is maintained in the floating state, and the
rest lines X1 and X3 to X5 are grounded. Then, the field
generated at the point E1 by the bias electrode is transferred
to the bottom electrode 30 of FIG. 2, and the field shielding
occurs at all of the rest crossover points. Therefore, the
control target 28 which is located at a predetermined posi-
tion may be controlled.

FIG. 4 is a view exemplarily illustrating an electrode
arrangement for controlling the electric field two-dimen-

10

15

20

25

30

40

45

50

55

60

65

6

sionally arranged at the specific area and an electrode
cross-section of the area in accordance with the present
invention.

Referring to FIG. 4, the control operation may be per-
formed in the same manner as in FIG. 3. However, it may be
difficult to control the area having a relatively very wide
surface area with only the shape of the control electrode of
FIG. 3. In this case, as illustrated in the drawing, a groove
having a predetermined size which may control the field is
provided at the specific area. That is, one bias electrode is
divided into multiple parts. Finally, it is configured that the
control electrode A10 is provided to be crossed over, as
illustrated in the right cross section of FIG. 4, and thus the
wide area may be controlled. In this case, a width of the bias
electrode B11, a width of the control electrode A10, a depth
of the control electrode, a distance between the bias elec-
trode and the control electrode and the like are variables.
Therefore, it requires that the design is performed with
conditions which may the most easily control the field.

In the case that the upper electrode is divided into multiple
sub electrodes B11, B12, B13 and B14, the upper electrode
is defined to enclose the sub electrodes, as illustrated in the
cross-section of the FIG. 4.

FIG. 5 is a view exemplarily illustrating a result of a field
simulation showing field dependence according to a depth of
the control electrode in accordance with the present inven-
tion.

Referring to FIG. 5, as confirmed through a graph G6,
when the control electrode is in the floating state, the field
applied to the control target is hardly affected. However,
when the control electrode is grounded, the field applied to
the control target is affected. In this case, it is confirmed
through graphs G1 to G5 that the degree of the field
shielding is varied according to the design (the depth in FIG.
5) of the control electrode. In the drawing, a transversal axis
is a depth of the control target from the bias electrode toward
the ground electrode disposed at the bottom, and a longitu-
dinal axis is the potential.

Eventually, as shown in the graph G6, when the control
electrode is in the floating state, the voltage is uniformly and
proactively reduced between the bias electrode and the
ground electrode at the bottom. However, when the control
electrode is in the grounded state, the field shielding occurs.
If a relative depth of the control electrode with respect to the
bias electrode is greater than a width of the bias electrode,
most of the field is shielded. Therefore, it may be understood
that the potential has a value near to zero at the most of areas
between the bias electrode and the ground electrode dis-
posed at the bottom.

The graph G1 in FIG. 5 shows that the field shielding
occurs substantially completely, compared with another
graphs G2 to G5.

This result shows that the field of the desired specific
point or area may be switched on/off by the arrangement of
the bias electrode and the control electrode as proposed in
the present invention.

FIG. 6 is a block diagram illustrating the control apparatus
in accordance with the present invention.

Referring to FIG. 6, first and second driving parts 110 and
120 and a cell array 100 are shown. When the first driving
part 110 drives a transversal line of FIG. 3, the second
driving part 120 may drive a longitudinal line of FIG. 3.

As illustrated in FIGS. 3 and 4, the cell array 100 may be
an array configured with only the upper and lower electrodes
without installation of the switching element. The cell array
100 may be a touch panel, an LCD or a control device.
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According to the control apparatus for two-dimensionally
controlling the electric signal of the present invention, it is
not necessary to additionally define a switching element for
each cell in order to separately control the two-dimension-
ally configured cells. That is, it is configured with the simple
transversal electrode arrangements and longitudinal elec-
trode arrangements. Further, the present invention uses a
manner capable of separately controlling each cell in the
device having the two-dimensional cell arrays using the field
shielding effect. Therefore, the present invention may have
a simple configuration, improved durability and very low
manufacturing cost, and also may be easily configured with
various materials such as semiconductor substrates, glass
and plastic.

Further, according to the control apparatus of the present
invention, since the area capable of being controlled is
increased, it has very high extendability.

The above-disclosed subject matter is to be considered
illustrative, and not restrictive, and the appended claims are
intended to cover all such modifications, enhancements, and
other embodiments, which fall within the true spirit and
scope of the present invention. Thus, to the maximum extent
allowed by law, the scope of the present invention is to be
determined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be
restricted or limited by the foregoing detailed description.

What is claimed is:

1. A control apparatus for two-dimensionally addressing a
signal, the apparatus comprising:

a control target,

a bottom electrode disposed under the control target;

a first electrode part disposed above the control target and

arranged in a first direction; and

a second electrode part disposed above the control target

and arranged in a second direction perpendicular to the
first direction,

wherein the first electrode part and the second electrode

part are configured to define a plurality of device cells
at a plurality of crossover points of the first and second
electrode parts, and

wherein the second electrode part controls, according to a

bias condition, a field applied to the control target by
selectively generating a field shielding effect at the
plurality of crossover points.

2. The control apparatus of claim 1, wherein three sur-
faces of the first electrode part are enclosed by the second
electrode part.

3. The control apparatus of claim 1, wherein a vertically
lowest portion of the first electrode part is provided at a
higher position than a vertically lowest portion of the second
electrode.

4. The control apparatus of claim 1, wherein a vertically
lowest portion of the first electrode is provided on the same
horizontal position as a vertically lowest portion of the
second electrode.
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5. The control apparatus of claim 1, wherein, when the
first electrode part is divided into a plurality of sub elec-
trodes, the second electrode part is provided to enclose the
sub electrodes.

6. A control apparatus for two-dimensionally addressing a
signal, the apparatus comprising:

a control target including a piezo material or a liquid

crystal device;

a bottom electrode disposed under the control target;

a lower electrode part disposed above the control target

and arranged in a first direction; and

an upper electrode part disposed above the control target

and arranged in a second direction perpendicular to the
first direction,

wherein the upper and lower electrode parts are config-

ured to define a plurality device cells together at a
plurality of crossover points, and

wherein the upper electrode part is configured to control,

according to a biasing condition, the control target by
selectively generating a field shielding effect at the
plurality of crossover points.

7. The control apparatus of claim 6, wherein the lower
electrode part is an electrode to which a bias voltage is
applied.

8. The control apparatus of claim 7, wherein the upper
electrode part is an electrode which is in a floating state or
to which a ground voltage is applied.

9. A control method of two-dimensionally addressing a
signal, the method comprising:

providing a control target;

disposing a bottom electrode under the control target;

providing a lower electrode above the control target;

providing an upper electrode above the control target and
disposed orthogonally to the lower electrode;

maintaining the upper electrode in a floating state and
applying an electrical bias to the lower electrode when
an electric field is to be applied to the control target; and

applying a ground voltage to the upper electrode and
applying the electrical bias to the lower electrode when
the electric field is not to be applied to the control
target.

10. The method of claim 9, wherein a vertically lowest
portion of the lower electrode part is located at a higher
position than a vertically lowest portion of the upper elec-
trode part, or

the vertically lowest portion part of the lower electrode is

located on the same horizontal position as the vertically
lowest portion of the upper electrode part.

11. The method of claim 9, wherein the control target is
a piezo element configured to generate vibration by the field.
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